Twenty year after these advances, considerable progress has been gained through: (i) the use of sampling strategies which follow the cell cycle and dynamics of low-density and patchy field populations of Dinophysis spp. [15, 16] ; (ii) the application of single-cell manipulations coupled to new molecular and analytical techniques, and finally (iii) the successful establishment of mixotrophic cultures of Dinophysis fed the ciliate Mesodinium rubrum [17] . Still the main problems faced to monitor Dinophysis spp and their toxins are: (i) taxonomic uncertainties with traditional methods, to identify species which are morphologically similar but with different toxic potential; (ii) large differences in toxin profiles and cellular content found between strains of the same species, even in the same location; (iii) to improve predictive capabilities of the occurrence of Dinophysis species and their toxins in shellfish; (iv) to develop cost-efficient monitoring systems for the control of shellfish toxins in different molluscs with their specific metabolic responses. Despite these uncertainties, a "Dinophysis trigger level" based on cell densities is still widely used in monitoring systems. Different toxins from Dinophysis cells/fragments, their grazers, and detritus derived from faecal pellets are ingested by shellfish, affecting their absorption, transformation and elimination in a species-specific manner, and a large proportion are released into the water [18] [19] [20] . All these processes, which play key roles in the impact of toxic outbreaks on shellfish resources, are poorly known, in particular from a metabolic and genomic point of view. Further, the direct effects of Dinophysis toxins on the growth and survival of shellfish species feeding on them have received little attention.
This special issue contains original contributions that advance our knowledge of the distribution and impact of Dinophysis toxins on the shellfish industry worldwide. A wide range of topics are covered, from monitoring and regulation of DSP toxins to Dinophysis population dynamics, laboratory cultures and the kinetics of uptake, transformation and impact of the toxins in shellfish. Four papers present long (>20 years) times series of monitoring data from regions in Europe and Oceania suffering blooms of D. acuminata/D. acuta every year. The impact of DSP events in Ireland, Scotland and Spain, with strains with toxin profiles dominated by OA and DTXs, contrasts with their lower impact in New Zealand, with strains with profiles dominated by PTXs. Results from these countries confirm the need for a shellfish species-specific strategy to control the impact of DSP outbreaks, and a site-specific analysis of the response of Dinophysis-related outbreaks to climate variability. A paper with the first report of Dinophysis toxins in Perú, from LC-MS analyses of individually isolated cells, shows that classification problems persist within the "D. acuminata complex". This problem is also pointed out in the paper from southwest Spain. Two articles deal with the population dynamics, autoecology and the concept of niche segregation for co-occurring toxic species in Reloncaví fjord, southern Chile and the Galician Rías, northwest Spain, and a paper from Brazil describes interactions between Dinophysis and its ciliate prey, as well as toxin transfer through the food web during an exceptional bloom of the "D. acuminata complex". Interactions with the prey Mesodinium rubrum, its effects on growth and toxin production in mixotrophic laboratory cultures, and considerations/suggestions to optimize mass cultures of Dinophysis are dealt with in three contributions.
Contributions from Japan, the pioneer country with the longest records of detection of Dinophysis toxins, include a review of the toxin profiles of different Dinophysis species with current analytical tools, as well as statistical considerations on DSP toxin monitoring and their anatomical distribution in shellfish. The effects of DSP toxins on shellfish are explored with advanced molecular techniques, RNA sequencing analysis and transcriptomics. Finally, different aspects of the kinetics of DSP toxin accumulation and depuration in shellfish, including predictive models, are investigated in a full review and in contributions about metabolic changes in shellfish and the effect of suspended particulate matter in toxin accumulation.
